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(57) ABSTRACT

A TFT array substrate structure includes a patterned metal
light-shielding layer that includes a plurality of metal light-
shielding blocks arranged 1n an array and a narrowed metal
strip connected between two adjacent ones of the metal
light-shielding blocks. The metal light-shielding layer and a
common electrode are connected to and receive a common
voltage signal. For each of TFT, the pixel electrode 1s
connected to a drain electrode of the TF'T; the pixel electrode
has a portion overlapping the common electrode to form a
first storage capacitor; and the metal light-shielding layer
has a portion overlapping the drain electrode and the pixel
clectrode to form a second storage capacitor. The first
storage capacitor and the second storage capacitor are con-
nected 1n parallel to increase the capacity of the storage
capacitor. The metal light-shielding layer 1s arranged 1n a
light-shielded area and thus the modification thereof does
not affect aperture ratio.

10 Claims, 2 Drawing Sheets
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TET ARRAY SUBSTRATE STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to the field of display
technology, and in particular to a thin-film transistor (TFT)
array substrate structure.

2. The Related Arts

Liquid crystal displays (LCDs) have a varniety of advan-
tages, such as thin device body, low power consumption, and
being free of radiation, and thus have wide applications,
such as liqud crystal televisions, mobile phones, personal
digital assistants (PDAs), digital cameras, computer moni-
tors, and notebook computer screens, making them take a
leading position 1n the field of flat panel displays.

Most of the LCDs that are currently available in the
market are backlighting LCDs, which comprise a liquid
crystal display panel and a backlight module. The working
principle of the liquid crystal display panel i1s that liquid
crystal molecules are filled between a thin-film transistor
(TEF'T) array substrate and a color filter (CF) substrate and a
drive voltage 1s applied to the two substrates to control a
rotation direction of the liquid crystal molecules 1n order to
refract out light emitting from the backlight module to
generate an 1mage.

The TFT array substrate comprises a plurality of gate lines
and data lines. The plurality of gate lines and the plurality of
data lines are perpendicular to each other to define a plurality
of pixel units. Each of the pixel units comprises therein a
TFT, a pixel electrode, and a storage capacitor. The TF'T has
a gate electrode that 1s connected to the gate lines, a source
electrode that 1s connected to the data lines, and a drain
clectrode that 1s connected to the pixel electrode. When the
gate lines are driven, the TF'T 1s set in a conducting state so
that a grayscale voltage signal that 1s fed through the
corresponding data line 1s loaded into the pixel electrode,
whereby a corresponding electric field 1s generated between
the pixel electrode and a common electrode. The hiquid
crystal molecules contained 1n the liqud crystal layer is
acted upon by the electric field to change direction thereby
achieving displaying of various images.

The storage capacitor provides important functions of
maintaining a voltage level and reducing division voltage of
coupling capacitance 1n the TFT array substrate. An existing
TFT array substrate 1s structured to form a storage capacitor
by means of an overlapping portion between the common
clectrode and the pixel electrode. Such a storage capacitor
has a relatively small capacitance that does not suit the needs
of high quality display panels. On the other hand, increasing
the capacitance of the storage capacitor by expanding the
overlapping portion between the common electrode and the
pixel electrode would lead to reduction of aperture ratio of
the panel.

In addition, an existing TFT array substrate 1s structured
to include multiple independent light-shielding layers 1n the
form of blocks, which provide a sole function of shielding
a channel zone of a semiconductor layer of the TFT to
prevent performance deterioration of the TFT resulting from
photogenerated carrier generated in the channel zone by
photoelectric eflect.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a thin-film
transistor (TF'T) array substrate structure, which increases
the capacity of the storage capacitor, enhances the perfor-
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mance of a display, and improve product competition power,
but does not reduce the aperture ratio.

To achieve the above objects, the present invention pro-
vides a TFT array substrate structure, which comprises: a
backing plate, a patterned metal light-shielding layer formed
on the backing plate, a first insulation layer covering on the
patterned metal light-shielding layer, a plurality of TFTs
formed on the first insulation layer and arranged 1n an array,
a planarization layer covering the TFTs, a common electrode
formed on the planarization layer, a protection layer cover-
ing on the common electrode, and a patterned pixel electrode
formed on the protection layer;

the TFTs each comprising a semiconductor layer formed
on the first imsulation layer, a gate insulation layer covering
on the semiconductor layer, a gate electrode arranged on the
gate 1nsulation layer and located above the semiconductor
layer, an interlayer dielectric layer formed on the gate
clectrode and the gate insulation layer, and a source elec-
trode and a drain electrode formed on the mterlayer dielec-
tric layer;

the patterned metal light-shielding layer comprising a
plurality of metal light-shielding blocks arranged in an array
and a narrowed metal strip connected between two adjacent
ones of the metal light-shielding blocks, each of the metal
light-shielding blocks being arranged to correspond to and
located under one of the semiconductor layers;

the metal light-shielding layer and the common electrode
being both connected to and receiving a common voltage
signal, the pixel electrode being set in engagement with the
drain electrode of the TFT;

wherein for each of the TF'Ts, the pixel electrode has a
portion overlapping the common electrode to form first
storage capacitor and the metal light-shielding layer has a
portion overlapping the drain electrode and the pixel elec-
trode to form a second storage capacitor, the first storage
capacitor and the second storage capacitor being connected
in parallel.

The semiconductor layer comprises a poly-silicon chan-
nel zone located at a middle portion and contact zones
located at two ends and lightly doped zones sandwiched
between the poly-silicon channel zone and the contact
ZONes.

Each of the metal light-shielding blocks corresponds to
and shields one of the poly-silicon channel zones.

The source electrode and the drain electrode are respec-
tively set 1n connection with the contact zones at the two
ends of the semiconductor layer through wvias formed
through the interlayer dielectric layer and the gate insulation
layer.

The pixel electrode 1s set 1n connection with the drain
clectrode through a via extending through the protection
layer, the common electrode, and the planarization layer.

The metal light-shielding layer 1s formed of a material
comprising molybdenum or titanium.

The first insulation layer comprises, in sequence from
bottom to top, a first silicon nitride layer and a first silicon
oxide layer stacked on each other.

The interlayer dielectric layer comprises, 1n sequence
from bottom to top, a second silicon oxide layer and a
second silicon nitride layer stacked on each other.

The protection layer 1s made of a material comprising
silicon nitride; and

the gate electrode 1s formed of a maternial comprising
molybdenum and the source electrode and the drain elec-
trode are formed of a maternial comprising two layers of
molybdenum sandwiching therebetween a layer of alumi-
nuim.




US 9,647,009 Bl

3

The pixel electrode and the common electrode are both
formed of a material comprising indium tin oxide (ITO).

The backing plate comprises a glass plate.

The eflicacy of the present invention is that the present
invention provides a TFT array substrate structure, which
comprises a patterned metal light-shielding layer that com-
prises a plurality of metal light-shielding blocks arranged in
an array and a narrow metal strip connected between two
adjacent ones of the metal light-shielding blocks, wherein
the metal light-shielding layer and a common electrode both
re connected to and receive a common voltage signal. For
cach TFT, the pixel electrode i1s connected to a drain
clectrode of the TFT; the pixel electrode has a portion
overlapping the common electrode to form a {first storage
capacitor; and the metal light-shielding layer has a portion
overlapping the drain electrode and the pixel electrode to
form a second storage capacitor, so that the first storage
capacitor and the second storage capacitor are connected 1n
parallel to each other to increase the capacity of the storage
capacitor; and further, since the metal light-shielding layer 1s
originally provided for shielding light and 1s located to
correspond to an area where light 1s to be shielded, the
modification made here to the metal light-shielding layer
does not aflect the aperture ratio at all so that, without
allecting the aperture ratio, the capacity of the storage
capacitor 1s increased, the performance of a display panel 1s
enhanced, and product competition power 1s improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and technical contents of the present inven-
tion will be better understood by referring to the following,
detailed description and drawings the present invention.
However, the drawings are provided for the purpose of
reference and 1llustration and are not intended to limit the
scope of the present invention. In the drawing;:

FIG. 1 1s a cross-sectional view illustrating a thin-film
transistor (1FT) array substrate structure according to the
present invention; and

FIG. 2 1s a top plan view showing a metal light-shielding
layer of the TFT array substrate structure according to the
present mvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

To further expound the technical solution adopted 1n the
present mvention and the advantages thereof, a detailed
description 1s given to a preferred embodiment of the present
invention with reference to the attached drawings.

Referring to both FIGS. 1 and 2, the present invention
provides a thin-film transistor (TFT) array substrate struc-
ture, which comprises: a backing plate 10, a patterned metal
light-shielding layer 100 formed on the backing plate 10, a
first 1nsulation layer 20 covering on the patterned metal
light-shielding layer 100, a plurality of TFTs 90 formed on
the first insulation layer 20 and arranged 1n the form of an
array, a planarization layer 50 covering on the TF'Ts 90, a
common electrode 60 formed on the planarization layer 50,
a protection layer 70 covering on the common electrode 60,
and a patterned pixel electrode 80 formed on the protection
layer 70.

Each of the TFTs 90 comprises: a semiconductor layer 94
tormed on the first insulation layer 20, a gate insulation layer
30 covering on the semiconductor layer 94, a gate electrode
93 arranged on the gate insulation layer 30 and located
above the semiconductor layer 94, an iterlayer dielectric
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layer 40 formed on the gate electrode 93 and the gate
insulation layer 30, and a source electrode 91 and a drain
clectrode 92 formed on the interlayer dielectric layer 40.

The patterned metal light-shielding layer 100 comprises a
plurality of metal light-shielding blocks 101 arranged 1n the
form of an array and a narrowed metal strip 102 connected
between two adjacent ones of the metal light-shielding
blocks 101. Each of the metal light-shielding blocks 101 1s
arranged to correspond to and located under one of the
semiconductor layers 94. The patterned metal light-shield-
ing layer 100 1s formed by etching a metal film formed of
molybdenum or titanium.

The metal light-shielding layer 100 and the common
clectrode 60 are both connected to and receive a common
voltage signal COM. The pixel electrode 80 1s set in
engagement with the drain electrode 92 of the TFT 90 to
form electrical connection therebetween.

For each of the TFTs 90, the pixel electrode 80 has a
portion overlapping the common electrode 60 to form a first
storage capacitor Cstl; and the metal light-shuelding layer
100 has a portion overlapping the drain electrode 92 and the
pixel electrode 80 to form a second storage capacitor Cst2.
Since the pixel electrode 80 is 1n electrical connection with
the drain electrode 92 of the TFT 90, the first storage
capacitor Cstl and the second storage capacitor Cst2a are
connected 1n parallel to each other.

The parallel connection of the first storage capacitor Cstl
and the second storage capacitor Cst2 constitute a storage
capacitor of the TFT array substrate. The capacity of the
storage capacitor 1s equal to the sum of the capacities of the
first storage capacitor Cstl and the second storage capacitor
Cst2. Compared to the prior art, the second storage capacitor
Cst2 1s additionally included, helping greatly increase the
capacitor of the storage capacitor. Further, since the metal
light-shielding layer 100 1s originally provided for shielding
light and 1s located to correspond to an area where light 1s
to be shielded, the modification made here to the metal
light-shielding layer 100 does not aflect the aperture ratio at
all so that, without affecting the aperture ratio, the capacity
of the storage capacitor 1s increased, the performance of a
display panel 1s enhanced, and product competition power 1s
improved.

Specifically, the semiconductor layer 94 comprises a
poly-silicon channel zone located at the middle and contact
zones located at two ends and lightly doped zones sand-
wiched between the poly-silicon channel zone and the
contact zones. Each of the metal light-shielding blocks 101
corresponds to and shields one of the poly-silicon channel
zones. The gate electrode 93 1s located exactly above the
poly-silicon channel zone.

The source electrode 91 and the drain electrode 92 are
respectively set in connection with the contact zones at the
two ends of the semiconductor layer 94 through vias formed
through the interlayer dielectric layer 40 and the gate
insulation layer 30.

The pixel electrode 80 1s set 1n connection with the drain
clectrode 92 through a via 81 extending through the protec-
tion layer 70, the common electrode 60, and the planariza-
tion layer 50.

Further, the backing plate 10 1s a glass plate. The metal
light-shielding layer 100 1s formed of a material comprising
molybdenum (Mo) or titantum (11). The first insulation layer
20 comprises, 1n sequence from bottom to top, a first silicon
nitride (Si1N,) layer 21 and a first silicon oxide (510,) layer
22 stacked on each other. The mterlayer dielectric layer 40
comprises, 1n sequence from bottom to top, a second silicon
oxide layer 41 and a second silicon nitride layer 42 stacked
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on each other. The protection layer 70 1s made of a material
comprising silicon nitride. The gate electrode 94 1s formed
of a material comprising molybdenum and the source elec-
trode 91 and the drain electrode 92 are formed of a material
comprising two layers of molybdenum sandwiching ther-
cbetween a layer of aluminum (Al). The pixel electrode 80
and the common electrode 60 are both formed of a material
comprising a transparent conductive film of indium tin oxide
(ITO).

In summary, the present invention provides a TFT array
substrate structure, which comprises a patterned metal light-
shielding layer that comprises a plurality of metal light-
shielding blocks arranged in an array and a narrow metal
strip connected between two adjacent ones of the metal
light-shielding blocks, wherein the metal light-shielding
layer and a common electrode both re connected to and
receive a common voltage signal. For each TFT, the pixel
electrode 1s connected to a drain electrode of the TFT; the
pixel electrode has a portion overlapping the common
clectrode to form a first storage capacitor; and the metal
light-shielding layer has a portion overlapping the drain
clectrode and the pixel electrode to form a second storage
capacitor, so that the first storage capacitor and the second
storage capacitor are connected 1n parallel to each other to
increase the capacity of the storage capacitor; and further,
since the metal light-shielding layer 1s originally provided
for shielding light and 1s located to correspond to an area
where light 1s to be shielded, the modification made here to
the metal light-shielding layer does not affect the aperture
ratio at all so that, without a ectmg the aperture ratio, the
capacity of the storage capacitor 1s increased, the perfor-
mance of a display panel 1s enhanced, and product compe-
tition power 1s 1mproved.

Based on the description given above, those having ordi-
nary skills of the art may easily contemplate various changes
and modifications of the technical solution and technical
ideas ol the present invention and all these changes and
modifications are considered within the protection scope of
right for the present mvention.

What 1s claimed 1s:

1. A thin-film transistor (1FT) array substrate structure,
comprising: a backing plate, a patterned metal light-shield-
ing layer formed on the backing plate, a first insulation layer
covering on the patterned metal light-shielding layer, a
plurality of TFTs formed on the first insulation layer and
arranged 1n an array, a planarization layer covering the TFTs,
a common electrode formed on the planarization layer, a
protection layer covering on the common electrode, and a
patterned pixel electrode formed on the protection layer;

the TFTs each comprising a semiconductor layer formed

on the first insulation layer, a gate insulation layer
covering on the semiconductor layer, a gate electrode
arranged on the gate msulation layer and located above
the semiconductor layer, an interlayer dielectric layer
formed on the gate electrode and the gate insulation
layer, and a source electrode and a drain electrode
formed on the interlayer dielectric layer;
the patterned metal light-shielding layer comprising a
plurality of metal light-shielding blocks arranged 1n an
array and a narrowed metal strip connected between
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two adjacent ones of the metal light-shielding blocks,
cach of the metal light-shielding blocks being arranged
to correspond to and located under one of the semi-
conductor layers;

the metal light-shielding layer and the common electrode

being both connected to and receiving a common
voltage signal, the pixel electrode being set 1n engage-
ment with the drain electrode of the TFT:

wherein for each of the TF'Ts, the pixel electrode has a

portion overlapping the common electrode to form first
storage capacitor and the metal light-shielding layer has
a portion overlapping the drain electrode and the pixel
clectrode to form a second storage capacitor, the first
storage capacitor and the second storage capacitor
being connected 1n parallel.

2. The TFT array substrate structure as claimed 1n claim
1, wherein the semiconductor layer comprises a poly-silicon
channel zone located at a middle portion and contact zones
located at two ends and lightly doped zones sandwiched
between the poly-silicon channel zone and the contact
ZONEs.

3. The TF'T array substrate structure as claimed 1n claim
2, wherein each of the metal light-shielding blocks corre-
sponds to and shields one of the poly-silicon channel zones.

4. The TFT array substrate structure as claimed 1n claim
2, wherein the source electrode and the drain electrode are
respectively set in connection with the contact zones at the
two ends of the semiconductor layer through vias formed
through the interlayer dielectric layer and the gate insulation
layer.

5. The TFT array substrate structure as claimed 1n claim
1, wherein the pixel electrode 1s set 1n connection with the
drain electrode through a via extending through the protec-
tion layer, the common electrode, and the planarization
layer.

6. The TFT array substrate structure as claimed in claim
1, wherein the metal light-shielding layer 1s formed of a
material comprising molybdenum or titanium.

7. The TFT array substrate structure as claimed 1n claim
1, wherein the first insulation layer comprises, in sequence
from bottom to top, a first silicon nitride layer and a first
silicon oxide layer stacked on each other; and

the interlayer dielectric layer comprises, 1n sequence from

bottom to top, a second silicon oxide layer and a second
silicon nitride layer stacked on each other.

8. The TFT array substrate structure as claimed 1n claim
1, wherein the protection layer 1s made of a material
comprising silicon nitride; and

the gate electrode 1s formed of a material comprising

molybdenum and the source electrode and the drain
clectrode are formed of a material comprising two
layers of molybdenum sandwiching therebetween a
layer of aluminum.

9. The TFT array substrate structure as claimed 1n claim
1, wherein the pixel electrode and the common electrode are
both formed of a material comprising indium tin oxide
(ITO).

10. The TFT array substrate structure as claimed in claim
1, wherein the backing plate comprises a glass plate.
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